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initiated prior to differentiation of the retina into its neuronal
and glial cell types prevents retinal differentiation and the cells
of the retina are maintained in a proliferative state as indicated
by PCNA and BrdU labeling. Similar inhibition of GSK3aˆ after
initial differentiation of the retina results in gross expansion of
the stem cell niche at the retinal periphery. In contrast,
inhibition of the Wnt cascade with dominant-negative TCF3,
preventing Wnt-mediated gene expression, results in depletion
of the stem cell niche and differentiation of the retina. Wnt2b is
broadly expressed in the retina when the progenitor cells are
proliferative but becomes restricted to expression in the retinal
margin after differentiation of the retina. We therefore propose
that Wnt signaling, likely mediated at least in part through
Wnt2b, is necessary for maintaining retinal progenitors in a
proliferative state both during initial development and within
the retinal stem cell niche.
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Retina regeneration requires crosstalk between FGF and
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The embryonic chick has the remarkable capacity to
regenerate a retina complete with all of the layers after it has
been completely removed. We have previously shown that
stem/progenitor cells present in the ciliary body (CB) of the
eye proliferate and give rise to a fully differentiated retina, and
that this regeneration can be stimulated independently by
fibroblast growth factor 2 (FGF2) or Sonic hedgehog (Shh). In
our current study, we show that both FGF2 and Shh signaling
are required during regeneration. If the FGF pathway is
inhibited with the FGF receptor (FGFR) antagonist,
PD173074, regeneration stimulated by Shh is inhibited.
Likewise, if the Hedgehog (Hh) pathway is inhibited with
KAAD, regeneration stimulated by FGF2 is inhibited. To
further characterize this relationship, we examined the early
signaling events in the ciliary body/ciliary marginal zone (CB/
CMZ). We found that both FGF2 and Shh are able to induce a
robust phosphorylation of the mitogen-activated protein kinase
(MAPK) extracellular signal-regulated kinase (ERK). Inhibi-
tion of either pathway led to a decrease in ERK phosphory-
lation. We show that both FGF and Hedgehog (Hh) signaling
are required for cell proliferation and cell survival, but only the
Hh pathway is required for maintenance of progenitor cell
identity in the CB/CMZ. Finally, we show evidence that
regeneration from the CB/CMZ in the embryonic chick
requires basal levels of both FGF2 and Shh, and that both
factors work through a common mechanism to stimulate retina
regeneration.
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The retinas of teleost fish contain stem cells with the
capacity to regenerate all retinal neurons or selectively
regenerate photoreceptors if only photoreceptors die. This
capacity makes the teleost retina an excellent model for
studying neuronal and photoreceptor regeneration. We
hypothesize that one source of the regenerative molecules
in the retina are dying photoreceptor cells. To address our
hypothesis, we modified a light lesioning paradigm devel-
oped in albino zebrafish, to specifically induce photoreceptor
degeneration in adult wild-type zebrafish. Light lesioning
will be coupled with laser capture microdissection of the
degenerating photoreceptors and microarray analysis of the
isolated transcripts. To characterize the nature and time
course of the injury, we evaluated changes in cell and
process specific markers. We observe a decrease in
photoreceptor specific immunoreactivity within 48 h of
treatment, suggesting photoreceptor degeneration. A con-
comitant increase in the number of cells undergoing
apoptosis is also observed. Remarkably, proliferation of
putative stem and/or progenitor cells within the retina is
observed after as little as 6 h of light exposure. This
lesioning paradigm combined with laser capture microdis-
section and microarray analysis will allow us to identify the
molecular cues that regulate regeneration in the zebrafish
retina.
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Unlike mammals, teleost fish have the ability to regenerate
retinal neurons. Intrinsic stem cells or Mueller glia residing in
the inner nuclear layer (INL) are cellular sources of
regenerated neurons. The molecules that initiate regeneration
are still unknown. In order to identify injury-induced signaling
molecules, a light lesioning paradigm to selectively kill
photoreceptors in the zebrafish retina was combined with
oligonucleotide gene chips. This analysis revealed several
known growth factors upregulated in lesioned retinas (Hitch-
cock et al., unpublished observations). One of these factors is
midkine B. The zebrafish genome encodes two midkines: A
and B (mdkA, mdkB). To begin to understand the function of
the two midkines, the cellular expression of these genes was
analyzed by situ hybridization in developing, mature, and
injured retinas. This analysis showed that at 30 h post-
fertilization (hpf) mdkA is expressed in cells of the retinal
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